The overall rate constant for the reaction NH(aA) + HN has been determined by the laser photolysis of hy_drogen azide (HN3) at 266 nm and 193nm. The visible emission from vibronically excited NHz(ZA) was dispersed and its time-dependent profiles were measured at several wavelengths. The rate constants are dependent not only on the photolysis wavelengths but also on the vibrational levels of the NH2(/ZA) produced in the reaction. The intermolecular potential between NH(aA) and HN was determined to be the form V(R) -C/R (2 < < 4, C: constant) from the analysis with a long-range potential approximation. The interaction between NH(aA) and HN3 is mainly governed by the dipoledipole interaction in the initial stage of the reaction.
INTRODUCTION
Chemiluminescence is due to the reactions which produce emissive excited states. Such highly reactive species as atoms and radicals are frequently related with the production of the electronically excited states. Chemiluminescence was observed in many reaction systems; nevertheless, most of the mechanisms have not completely been resolved yet. The goal of the present study is not only to make clear the reaction mechanism but also to investigate the effect of a collision energy on a chemiluminescent reaction. Spectroscopic information reveals a source of the emission and a kinetic study gives the reaction mechanism of the chemiluminescence. The visible emission in the HN3 photolysis system was studied in the present work.
There have been a few reports on the chemiluminescence in the photodissociation of hydrogen azide HN3. Okabe first observed the emission over the range of 430-800 nm in the photolysis of HN3 with rare gas lamps (Xe and Kr). He assigned the source of the emission to the transition of N first-positive band (B31-lg-A3u+).
McDonald and co-workers, 2-4 who performed pioneering works on the photolysis of HN3, observed visible emission in the 266 nm photolysis. They proposed that the emission was due to the transition of NH2(/2AI-X2BI) only by comparing with its 184 AKIHIRO WATANABE et al. absorption wavelength. They also proposed a reaction NH(alA, v In our prev_ious study, we reported a direct evidence for the source of the emission [NH2(,2A-X2B)] and for how the emissive species are produced in the HN3 photolysis at 266 nm. We observed dispersed fluorescence spectra that were not necessarily consistent with the mechanism accepted before and gave a modified reaction mechanism including internally excited NH(aA).
In the present study, the overall rate constant for the reaction NH(aA) + HN3 has been determined using different photolysis wavelengths (266 nm and 193 nm) and given information on the reaction dynamics. The rate constants were found to be dependent not only on the photolysis wavelength but also on the vibrational levels of the NH2(,2A) produced in the reaction. The rate constants reduce with an increase in the energy of photodissociation and with a decrease in the vibrational energy of the product NH2(/2A). The results are rationalized by the generation of centrifugal potential barrier due to the large translational energy of NH(aA). The relation between the rate constant and collision energy will be discussed.
EXPERIMENTAL
The experiments were carried out in a quasistatic laser photolysis system. Photolysis of HN3 at two different wavelengths were performed: 266 nm from Nd3+:YAG laser (Continuum YG660-20, 0.2-5 mJ pulse-l) and 193 nm from ArF excimer laser (Lambda Physik Lextra-50SL, 1-5 mJ pulse-). Typical repetition rate was 4-10 Hz.
Both laser beams were trimmed with an aperture to 6 mm in diameter. The cell made of Pyrex tube has two ports for observation with quartz window of 22 mm in diameter and was evacuated with a rotary pump (ULVAC D-950). The pressure of the sample gas was monitored with a capacitance manometer (Baratron 122AA).
Emission from the observation region was collected through a long-pass filter (Toshiba Y-43) and was focused with a lens (f 80 mm) on the entrance slit of a monochromator (Nikon P-250). Spectral resolution was 3 nm (FWHM). The signal from a photomultiplier (Hamamatsu R928) mounted on the exit slit was sent to a home-made amplifier (xl0) and then fed into a gated integrator When the temporal behavior of the emission intensity was observed, the signal from the photomultiplier was amplified (x300) and digitized with a home-made transient memory whose time resolution was 40 ns. Signals of 15000-30000 pulses were averaged to obtain a good S/N ratio. The relative laser fluence was monitored with a photodiode and averaged with a gated integrator. Data acquisition system was the same as that described in the spectroscopic study.
Hydrogen azide, HN3, was synthesized in vacuo by the reaction between sodium azide and stearic acid according to the procedure in ref. 12.
RESULTS AND DISCUSSION
Spectroscopic Study Figure 1 shows a dispersed emission spectrum that was observed in the 266 nm photolysis of HN3 (ref. 11) . Significant progression appears along with a broad background. Since the overall sensitivity of the detection system was not corrected, the decrease in the intensity at longer wavelengths does not show the correct intensity distribution but reflects the sensitivity of the detection system. Moreover, the filter used (Toshiba Y-43) was transparent only at longer wavelength than 420 nm; the onset of the spectrum at short wavelength is due to the transmission of the filter.
Most of the peaks were assigned to the transition NH2(A(0, v2', 0)-B(0, 0, 0)). The broad background results from rotational excitation of NH2(A2A1) and/or congestion of many weak vibronic sub-bands. NH(a)
NH2(A_2A) + HN3 produ_cts (4) NH2(AA) ---) NH2(X2B) + hv' (visible) (5) where the "products" denotes all the possible species produced in quenching and/or reactions. It should be noted that a faster process always governs the rise and a slower one relates to the fall (Fig. 3) . In the present experiment, the rise must be related to deactivation of NH2 (A2A) In addition to the double-exponential fitting, the Simplex optimization method coupled with the Runge-Kutta-Gill numerical integration of the rate equations was adopted in the analysis of the temporal profiles. The overall rate constants k2 (= k2a + k2b) measured at different wavelengths are k2(520 nm) (1.2 + 0.1) 10-t, k2(600 nm) (0.97 + 0.1) 10-, and k2 (660 nm 36 Therefore, the NH2(A) is produced by the reaction NH(aA) + HN3 also in the 193 nm photolysis. The dependence of the first-order decay rate on the pressure of buffer gas (He and Xe) was measured in the study on the 266 nm photolysis. The temporal profiles of the emission were observed through a cut-off filter (Toshiba R-61) which is transparent for the light longer than 610 nm. Thus, the emission observed was mainly due to the transition from NH(/2A, v'<8). Since Xe is known to be a fast quencher of NH (aA) Figure 4 shows the dependence of the first-order decay rate on the pressure of the buffer gas. + HN determined by NH(cll-I-alA) LIF was independent of temperature, 4 hence the reaction proceeds with no barrier. However, the apparent decrease in the rate constants was shown in the present study with an increase in the translational energy. Note that buffer gas of about 10-20 Torr was added in the LIF experiment and that no buffer gas was used in the present experiment. Since the NH(aA) has a large translational energy without buffer gas, the centrifugal potential barrier on the reaction coordinate must be taken into account.
Relation between reaction rate constant and collision energy is expressed by the next equation 
